Fourier-transform infrared studies on conformation changes in bd-type ubiquinol oxidase from Escherichia coli upon photoreduction of the redox metal centers.
Cytochrome bd is a two-subunit ubiquinol oxidase in the aerobic respiratory chain of Escherichia coli that does not belong to the heme-copper terminal oxidase superfamily. To explore unique protein structural changes associated with the reduction of the redox metal centers, we carried out Fourier-transform infrared and visible spectroscopic studies on cytochrome bd. For infrared measurements of a partially dehydrated thin sample solution, the air-oxidized enzyme was fully reduced by the intermolecular electron transfer of photo-excited riboflavin in the absence and presence of KCN, and redox difference spectra were calculated. Upon reduction, the bound cyanide was released from the heme b595-heme d binuclear center but remained in a protein pocket as a deprotonated form. Reduction of heme b558, heme b595, and heme d resulted in large changes in amide-I and protonated carboxylic CO-stretching vibrations and also a small change in the cysteine SH-stretching vibration. The location of the redox metal centers and the effects of cyanide suggest that these protein structural changes occur at the heme-binding pockets near the protein surface. Systematic site-directed mutagenesis and time-resolved FTIR studies on cytochrome bd will facilitate an understanding of the unique molecular mechanisms for dioxygen reduction and delivery of chemical protons to the active center at the atomic level.